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Introduction 
The project is about the study of the biological part of soil fertility with a methodological aspect. It has 
two applied objectives: 1) assessing the integration of soil organic matter and biota (micro- and macro- 
fauna) on the comprehensive soil fertility under oil palm and 2) developing knowledge toward the 
comprehensive soil fertility diagnosis to manage applications of organic and inorganic inputs. First 
studies referred to the use of organic fertilization, particularly, the spatial variability around palms and the 
temporal variability after EFB application.  
 
This project is supported by the following oil palm context:  
1) Soil fertility and Biodiversity conservation are two important issues in Global Change. 
2) Oil palm production is currently managed by periodic foliar/rachis diagnosis to control the use of 
mineral fertilizers (Caliman et al, 1994).  
3) It is very difficult to directly control the yields through soil analysis due to the complexity of 
phenology and source-sink interactions (Legros et al., 2009). Consequently, the soil was 
gradually marginalized in the management protocols. 
4) The need to recycle large volumes of harvest wastes (EFB, POME, Compost) raised the 
following question: “How to manage these wastes and mineral fertilizers regarding the 
comprehensive soil fertility?” (Oviasogie et al., 2010; Abu Bakar et al., 2011) Currently, inputs of 
organic matter are empirical or calculated on the basis of their mineral equivalents (Hornus, 
1992). 
 
And by the following scientific context: 
1. Organic residues can be considered as food for the soil biota (Lavelle et al., 2001; Tomich et al., 
2011). 
2. The works of Blanchart (2006) and Bonkowsky (2009) suggest using an analytical approach to 
assess the impact of organic inputs on the comprehensive soil fertility, and particularly the biota 
(biomass plus functional and taxonomic biodiversity). 
 
A well balanced soil biota is the key to reduce the risks of diseases and favour crop resistance against 
climatic abnormalities.  
 
The mineral fertilizers efficiency will be maximized in such soils, meaning that less mineral inputs will be 
required to achieve the production target.  
 
The objective of the current project is to answer the following questions: 1) Do organic residues 
applications (EFB, POME, Compost) under oil palms modify the traits of the comprehensive soil 
fertility? 2) How Biota assessment can lead to a more efficient management of association between 
organic and mineral fertilizations, wherever comprehensive soil fertility is concerned? 
 
Our first research activities were to assess the soil biodiversity under oil palms. We worked in two steps: 
2012: Assess the spatial variability around the palm. 2013: Assess the temporal variability after EFB 
application (0 to 2 years). 
 
Material and Methods 
Both trials were done at Smart Research Institute, Libo in Indonesia in 2012 and 2013. Two treatments 
were considered: plots with EFB and without EFB (Conventional). 
 
Spatial variability around the palm 
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Five locations around the palm were determined: the Path, the Circle, the Windrow and places in 
between: Path – Circle and Circle – Windrow.  
 
In each location, samples of litter and of soil at two depths (0-15 and 15-30 cm) were taken.  
 
Analyses were done on the physical and chemical traits, on macro-fauna, nematodes, and micro-
organisms. 
 
Temporal variability after EFB application 
The evolution of soil was recorded under the Path at 1, 3, 6, 12, 18, 24 months after EFB application.  
 
In each location, samples of EFB and of two soil horizons (organic and A) were taken. We considered the 
A horizon up to 15 cm. Organic horizon was of 3.2 cm depth on average; so on average, horizon A was 
3.2 – 15 cm. 
 
Analyses were done on the physical and chemical traits, on macro-fauna, nematodes and micro-
organisms. 
 
Results 
Spatial variability around the palm 
The results showed that After EFB application: 
• Total macrofauna was very abundant in litter in all zones but PC. 
• Macrofauna density was discriminant in the 0 – 15 cm horizon: There was no significant 
differences between P and PC or CW. But C and W contained the highest density. 
• In the 15–30 cm horizon, the macrofauna density was very low, with no significant differences 
between the zones. So this horizon can be discarded in future analyses. 
 
In the 0 – 15 cm depth: the “Engineers” group was the most important, but « Saprophagous » was also 
discriminant. Similar density can hide different composition and functionality; For instance, when 
looking at P zone, we see that ants were dominant and earthworms were few. While, in PC zone, it was 
the opposite: ants were few and earthworms were dominant. Also, surprisingly, « Saprophagous » were 
very abundant in C zone, maybe due to necrotic roots and/or stipe residues. 
 
The table of chemical and biological parameters highlights the variability between the zones.  
 
Table 1: Comparison of the evolution of chemical and biological traits around a palm with or without 
EFB application (from Q. Auriac’s report, 2012) 
 
Values are compared to those of the W zone in “with EFB” plots used as Reference (+ means higher value, - means lower value) 
 
The results show that:  
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• Chemical richness was more important on C zone and P zone with EFB.  
• The highest density of earthworms was on PC. 
•  On the contrary, macrofauna was clearly less abundant on P than PC and C zones after EFB 
applications. 
 
The same synthesis was done on the conventional practice, but keeping the same reference = W zone 
“with EFB”. It highlights the chemical fertility of the C zone, especially for Phosphorus, but also the high 
density of earthworms at this place.  
 
When comparing the two practices, we can see that the application of EFB on P zone induced changes in 
the chemical and biological traits with highest impacts being on P and PC zones, but not only ! And we 
could record significant changes on C zone and even on W zone. 
 
The analysis of nematodes highlighted an unusually strong presence of bacterivorous nematode 
communities on the conventional C zone. This feature was associated with a very high P content and a 
high abundance of earthworms. Nevertheless, on EFB plots, there were no differences between zones for 
nematofauna groups: both on abundance and balance. 
 
The effect of spatial variability on bacteria and fungi showed that:  
• The amounts of bacteria in C and W zones on EFB plots were significantly lower than in 
Conventional, even though EFB was only applied on P zone.  
• For Fungi, we had the same trends between the zones. But on Conventional plots, the PC was 
significantly lower than other zones.  
 
Temporal variability after EFB application 
The following results were found: 
• The principal components analysis revealed a clear difference in the Macrofauna behaviour of 1st 
and 3
rd
 months after EFB application as compared to the following months. 
• The same differences were noticed when looking at the behaviour of Nematode communities. 
 
The table shows the evolution of soil chemical and biological parameters under the Path after EFB 
application.  
 
We can distinguish 3 periods of time: 
• The first period was characterised by a Soil disturbance as indicated by macrofauna and 
nematofauna behaviours. 
• The second period looked like a resilience time. 
• The third period – starting on 24th month – was characterised by an increase of most of the 
comprehensive fertility traits, except for K content. 
 
Table 2: Changes in organic soil layer (0 to 3.5 cm) on P zone for three period after EFB application 
(from M. Pierrat’s report, 2013) 
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Data are compared to without EFB plot used as reference (+ means higher value, - means lower value) 
 
Here again, we can notice the opposite development of ants and earthworms communities, as already 
highlighted in the previous study. Coleoptera, Diplopodes and Dermaptera were also found to be good 
candidate indicators.  
 
Discussion 
Up to now, in the literature, EFB wastes were considered through their mineral content and the impact of 
their application on chemical fertility. For the first time, we could produce data on the comprehensive soil 
fertility under oil palm, including some biological traits. 
 
In this project, we considered another role for the organic matter (palms or EFB): it can be food for 
the soil biota, which, in turn, will produce ecosystemic services to improve soil chemical and physical 
traits.  
 
Our results showed that EFB inputs impacted almost all the zones around the tree and not only the place 
where EFB were applied.  
 
During a period of 3 to 6 months after EFB application, Soil Chemical and Fauna traits were strongly 
disturbed. There is need to: 1) Understand the origins and ways of this disturbance; 2) Study the traits and 
impacts of composts, as an alternative recycling way. 
 
The period from 6 to 18 months after EFB application looked like a resilience time. 
 
At 24 months after application of EFB, most of the traits of the comprehensive soil fertility were still 
improving (except K content). There is need to: 1) Know the duration of this last period; 2) Assess new 
organic and mineral fertilization practices using organic waste to optimize soil biology and ecosystemic 
services and mineral fertilizers to complement organic fertilizers regarding palms mineral requirements. 
 
Measurement of the comprehensive soil fertility might guide the producer to optimize the application of 
mineral versus organic fertilizer. 
 
Conclusion 
Thanks to the previous studies, we could validate an analytical protocol and provide first data enabling 
some hypotheses. 
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Now, we plan to continue this analysis of the comprehensive quality of soils under oil palm; in one hand, 
by working on various existing trials, and in the other hand, by establishing a trial from the beginning, 
which will combine organic and inorganic inputs to create a synergic effect: get maximum effect with 
minimal inputs so as to improve soil quality, yields and nutritional status of palms. 
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